OBJECTIVE: To determine the relationship between percent body fat and body mass index (BMI) in the Chinese population of Hong Kong and to investigate whether the newly proposed lower BMI cut-offs for obesity in the Asia-Paci®c Region recommended jointly by the International Association for the Study of Obesity, the International Obesity Task Force and the WHO are appropriate for Hong Kong Chinese. METHODS: A total of 190 female and 140 male healthy subjects were recruited from the community. BMI was calculated as weightaheight 2 . Body fat content (%BF) was measured by dual-energy X-ray absorptiometry (DEXA). RESULTS: Comparing %BF measured by DEXA with predicted %BF derived from BMI using a prediction formula developed in Caucasian population showed that the formula signi®cantly under-predicted %BF by 1.1% in males and 3.4% in females. A predicted BMI of 25 and 30 kgam 2 using a Caucasian-based formula corresponds to an actual BMI of 23 and 25 kgam 2 , respectively. On linear regression analysis, 25% BF corresponds to a BMI of 24.6 kgam 2 in males and a waist circumference of 86 cm; 35% BF corresponds to a BMI of 22.6 kgam 2 and a waist circumference of 73.5 cm in females. CONCLUSION: Hong Kong Chinese population have a higher %BF for a given BMI which would partly explain why the health risks associated with obesity occur at a lower BMI. Our results would support the recommendations of using lower BMI cut-offs to de®ne obesity in the Asia Region.
Introduction
It is increasingly being recognized that obesity, with its many associated co-morbidities, is a major healthcare problem in many countries. The prevalence of obesity is increasing worldwide in both developed and developing countries. 1 Body mass index (BMI, weightaheight 2 ), a simple index of weight-for height, is commonly used to classify obesity. Recent recommendations from the WHO suggest that obesity is classi®ed as BMI ! 30.0 kgam 2 and pre-obese ! 25 kgam 2 . These recommendations are based primarily on the association between BMI and mortality in Caucasians. 2 However, these criteria may not be appropriate for other ethnic groups as the relationship between BMI and percentage body fat (%BF) is not the same amongst different ethnic groups. A recent meta analysis has shown that for the same level of body fat, age and gender, Chinese, Ethiopians, Indonesians and Thais have a lower BMI compared to Caucasians. 3 Hence, a given BMI may not correspond to the same degree of fatness across different populations and there is data suggesting that Asians have lower BMI but higher %BF than Caucasians. 4, 5 New criteria to de®ne overweight and obesity in the Asia-Paci®c Region have recently been jointly proposed by the International Association for the Study of Obesity (IASO), the International Obesity Task Force (IOTF) and the WHO based on risk factors and morbidities in the region. 6 In Asians, the new proposed cut-offs for overweight and for obesity are ! 23.0 and ! 25.0 kgam 2 vs ! 25.0 and ! 30.0 kgam 2 for Caucasians, respectively. The cut-offs for waist circumference, an indicator of abdominal obesity, is suggested to be 90 cm for men and 80 cm for women in Asians vs 94 cm for men and 80 cm for women in Caucasians, respectively. These cut-off values may need to be revised in future when more clinical and epidemiological data are available to validate them. Recognising the fact that differences in body proportions and in the relationship between BMI and body fat content can affect the BMI range that is considered to be healthy, we have measured body composition in a large group of healthy Chinese subjects in Hong Kong using dual-energy X-ray absorptiometry (DEXA) in order to establish the relationship between body fat and BMI in our population and to investigate whether the newly proposed BMI criteria are appropriate for the Chinese population in Hong Kong.
Methods
Healthy Chinese adults aged between 20 and 80 were recruited from the community (190 female and 140 male subjects). Subjects with chronic illnesses like diabetes and hypertension were excluded and none of the recruited subjects were receiving medications or were involved in weight training programs. Body weight was measured with light indoor clothing by an electronic balance with an accuracy of 0.1 kg. Standing height without shoes was measured by a stadiometer to the nearest 0.1 cm. BMI was calculated as weightaheight 2 . Waist circumference was taken as midway between the inferior margin of the last rib and the crest of the ilium in a horizontal plane and hip circumference was taken around the pelvis at the point of maximal protrusion of the buttocks to the nearest 0.1 cm.
Body fat content was measured by DEXA using a Hologic QDR-2000 Plus (Hologic Inc., Walthan, MA, USA). Fat mass, fat-free mass and %BF were calculated against an external lucite and aluminium phantom using the Enhanced Array Whole Body Version 5.63 software. We have previously shown that DEXA is a valid method for body composition assessment in Hong Kong Chinese over a broad range of BMI. 7 Percentage BF measured by DEXA was compared with %BF derived from BMI using a prediction formula developed in a Dutch population: %BF 1.2 Â BMI 0.23 Â age À10.8 Â genderÀ5.4, where gender was coded as 0 for female and 1 for male. 8 Informed consent was obtained from all subjects and the study protocol was approved by the Ethics Committee of the University of Hong Kong.
Results are expressed as means and standard deviations. Associations between different parameters were determined by Pearson correlation coef®cients. Linear regression analysis was used to assess the relationships between %BF and BMI. The statistical package SPSS (version 7.5, Chicago, USA) was used for data analysis.
Results
One hundred and forty men and 190 women were recruited and the results are shown in Tables 1 and 2 respectively. In both male and female subjects, %BF correlated strongly with BMI (r 0.75 and 0.77 respectively, P`0.01), waist circumference (r 0.82 and 0.74 respectively, P`0.01), hip circumference (r 0.63 and 0.78 respectively, P`0.01) and waistahip ratio (r 0.66 and 0.50 respectively, P`0.01). Comparing %BF measured by DEXA with predicted %BF derived from the Caucasian formula based on BMI showed that the formula signi®cantly under-predicted %BF in the younger age group, especially in females (Table 3 ). To determine the BMI cut-offs which relate through equivalent body fatness to the Caucasian cut-offs of 25 and 30 kgam 2 , linear regression was used to analyse the relationship between the predicted BMI calculated by the Caucasian-based formula based on our subjects' %BF measured by DEXA and their actual BMI. A predicted BMI of 25 and 30 kgam 2 corresponds to an actual BMI of 23 and 25 kgam 2 , respectively ( Figure 1 ). To derive the best ®t model for prediction of %BF in our population, the subjects were randomly divided into two equal groups. The best ®t model was calculated using multiple linear regression based on data from the ®rst group and then validated against the second group. The prediction formula for %BF was 1.4 Â BMIÀ13.3 Â gender 0.1 Â ageÀ1.0 (Table 4) . When the prediction formula was applied to the second group, there was no signi®cant difference between the predicted %BF and %BF measured by DEXA (29.7 8.1% vs 30.1 9.0%). To determine whether the in¯uence of age on the relationship between BMI and %BF Body fat determination by DEXA M He et al is similar in both genders, we also analysed male and female subjects separately. The slope for age was 0.1 for both gender, suggesting that the effect of age was in fact similar in males and females.
Multiple linear regression was also performed to evaluate the relationship between %BF and waist circumference. The mode of best ®t was %BF 0.5 Â waist circumference À17.0 Â genderÀ4.7 (Table 4) . Age did not enter the equation at an a value of 0.05. When the model was validated against the second group, there was no signi®cant difference in the predicted and actual %BF (29.9% 8.0 vs 30.1 9.0).
Since it is the degree of body fatness that is important as a risk factor and obesity has been de®ned as 25% BF in males and 35% BF in females, 3 we used the above prediction formulae to determine the corresponding BMI for our population. In men, 25% BF corresponds to a mean BMI of 24.6 kgam 2 and in women, 35% BF corresponds to a mean BMI of 22.6 kgam 2 (Table 5 ). Similar analyses were done for waist circumference, which was not affected by age. Twenty®ve percent BF corresponds to a mean waist circumference of 86 cm in men and 35% BF corresponds to a mean waist circumference of 73.5 cm in women.
Discussion
Obesity is a metabolic disorder characterised by an increase of body fat and it is the degree of body fatness that is important as a risk factor rather than the degree of excess weight. However, body fat cannot be easily measured. The WHO classi®cation of obesity uses BMI, a simple index of weight-for-height, because of the robust nature of the measurement and the routine inclusion of weight and height in clinical and population surveys. 2 The cut-off points for Body fat determination by DEXA M He et al de®ning obesity using %BF above which there is a greater risk of health impairment has not been established by epidemiological research. Based on studies exploring the relationship between BMI and %BF, it has been suggested that obesity is characterised by a %BF b 25% in males and b 35% in females. 3, 9 Using this de®nition, the corresponding BMI is 24.6 and 22.6 kgam 2 for males and females, respectively, in the Chinese population in Hong Kong. This is much lower than the BMI criteria used to classify obesity by the WHO. This discrepancy is unlikely to be due to subject selection as our study is by far the largest study in oriental subjects with well over 300 healthy Chinese subjects selected across a wide age range. Methodology is also unlikely to account for this difference. We have previously validated our DEXA method against a reference method using deuterium oxide dilution and the mean bias is À0.8% BF. 7 The discrepancy is probably partly due to ethnic differences, as a number of studies have shown that ethnicity is an important factor in the relationship between %BF and BMI.
3 ± 5,9 Since BMI does not distinguish between weight associated with muscle and weight associated with fat and also does not re¯ect body fat distribution, the relationship between BMI and body fat content will vary with the level of physical activity and with the body build and proportion of the population. 10 ± 12 In our study, the Caucasian formula under-predicted %BF by about 1% in males and 3% in females. Deurenberg et al also recently showed that the Caucasian formula under-predicted %BF by 4% in Singapore Chinese who had the higher %BF compared with Beijing Chinese and with the Dutch Caucasians. 13 Both the Chinese population in Hong Kong and that in Singapore are mainly from Southern China and it has been shown that the differences in the relationship between %BF and BMI in Singaporean Chinese from Caucasians can be explained in part by differences in body build. 13 The WHO classi®cations of obesity is based primarily on the association between BMI and mortality based on data from Europe and USA but there is no mortality data available in Asian populations. 3,14 ± 16 The new recommendations for Asia jointly from the IOTF, IASO and WHO are based mainly on surveys of health risk associated with obesity. Our data show that Chinese subjects have a higher level of body fat for a given BMI which is more marked in female subjects, and this would partly explain why the health risks associated with obesity occur at a lower BMI in Asia. A BMI of 23 and 25 kgam 2 in our population is equivalent to that of 25 and 30 kgam 2 in Caucasians. The corresponding BMIs of 24.6 and 22.6 kgam 2 for 25% and 35%BF in males and females, respectively, are fairly close to the reported BMI levels at which the relative risk for co-morbidities of obesity start to increase in Hong Kong. 17 Data from a large prevalence study in Hong Kong Chinese showed that the risk of diabetes, hypertension and albuminuria already starts to increase at a BMI of about 23.0 ± 24.3 kgam 2 in both males and females. 17 Similar data have been published from the Chinese in Singapore and in Indian Asians living in Mauritius, where there is a signi®-cantly increased risk of type 2 diabetes mellitus and hypertension among those with a BMI between 23 and 24.9 kgam 2 compared to those within the normal range. 18, 19 In Japan there is a 2-fold increase in the risk of hypertriglyceridemia, hypercholesterolemia and decreased HDL cholesterol in those with a BMI b 25 kgam 2 compared to those with a BMI of 22 kgam 2 . 20 Hence, the increased health risks associated with obesity appear to occur in people with lower BMI in the Asia region.
A population-based survey performed in 1995 in Hong Kong showed that 58% of men and 49% of women had a BMI b 23.5 kgam 2 , 38% of men and 34% of women 21 Using the WHO 1998 criteria of 30 kgam 2 will grossly underestimate the prevalence of obesity and the magnitude of the co-morbidities associated with obesity. Other than the degree of excess fat, the distribution of body fat is also important as obese individuals with excess fat in the intra-abdominal depots are at particular risk of the negative health consequences of obesity. Indians have been shown to have a more centralised distribution of body fat and a higher mean waist-to hip ratio for a given level of BMI compared to Caucasians and they have the highest rates of coronary heart disease of any ethnic group studied. 22 In our population, 25% BF corresponds to a waist circumference of 86 cm in men and 35% BF corresponds to a waist circumference of 73.5 cm in women. Although these values of waist circumferences are lower than the new recommended cutoffs by IOTF, IASO and WHO (90 cm for men and 80 cm for women), they are similar to the optimal waist circumference cut-off values of 80 ± 84 cm in men and 75 ± 78 cm in women based on a study of risk factors in Hong Kong Chinese. 17 The IOTF, IASO and WHO suggest that the waist circumference cut-offs of 90 cm for men and 80 cm for women for Asians are only to be used for the interim and may need to be revised when new prospective data are available. Our data would suggest that the cut-offs for waist circumference might need to be lowered in Asians.
Conclusion
The Chinese population in Hong Kong have a higher level of body fat for a given BMI. The newly proposed cut-offs by IOTF, IASO and WHO for de®ning overweight (23 kgam 2 ) and obesity (25 kgam 2 ) are appropriate for our population.
